AP Chemistry Lab: Rate of Evaporative Cooling


Purpose:  Identify the unknowns by their rate of evaporative cooling.

Background:  Evaporation is an endothermic process because the molecules that escape into the gas phase are the most energetic molecules in the sample.  The remaining molecules in the liquid have a lower average kinetic energy, and thus a lower temperature.  Assuming the sample was at the same temperature as the surroundings initially, evaporative cooling results in energy being transferred from the surroundings into the sample.  In this experiment, evaporation occurs on the surface of a thermometer, allowing the evaporative cooling to be measured by its effect on the thermometer.

The rate of evaporative cooling (degrees of temperature change per unit of time) is a good indication of the relative number of molecules evaporating per unit of time [the detailed mathematics of this correlation are complex and beyond the scope of this course].  Substances with weak intermolecular forces vaporize readily – they are volatile – and have a faster rate of evaporative cooling than substances with stronger intermolecular forces.

In this experiment, you will measure the rate of evaporative cooling of 3 unknowns, which you will identify based on your findings.  The three unknowns (alcohols 1, 2, and 3) may be methanol, ethanol, or propanol.  You will also measure the rate for water, for comparison.

Procedure:  There is one set of samples at each station.  Share with the group across from you. 
You will use labquest to automate data recording. Set them up to do 10 second runs, recording the temperature every second. Verify these settings as indicated below.  Your screen may look a little different than the picture.
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Rate should say 1.0 samples/s

[image: image3.emf]Duration should say 10.0 s

To do the measurement, immerse the temperature probe in the tube containing one of the liquids – you can do them in any order, but keep track.  The first one will be run 1, then run 2, etc.  For the next step, you and your partner have to coordinate.  You are going to remove the probe from the liquid and hold it still, pointing down.  At the same time as you remove it from the liquid, your partner presses the play button (green arrow).  After 10 seconds of this, this run is over.  Rinse off the probe in the beaker of water, and dry it. Please put the stopper back on immediately after dipping your thermometer probe into the liquid as alcohols evaporate quickly.
[image: image4.emf][image: image5.emf][image: image6.emf][image: image7.emf][image: image8.emf]The data from Run 1 will automatically display in a graph.  Click on the file cabinet to save the run. Save your graph on your phone.  Be sure to label which run it is.   Repeat this procedure with the other two unknowns, and water in the same way.  These experiments go very quickly.  If your data for a run look weird, you have time to repeat the run.
Analysis:  For each sample, find the slope of the cooling curve.  Do this by checking the box next to tangent under the “Analyze” tab.  You can move the tangent line to the optimal spot on you curve.  The slope will be indicated to the right of the graph. Be sure to save your data to your phone. You will need to include it in your group’s report.
The chemical formulas are

methanol, CH3OH

ethanol, C2H5OH

propanol, C3H7OH

Based on your cooling rates, identify the three alcohols and elaborate on your reasoning.  Be sure to thoroughly explain the science!  Include all three graphs in your report.
Within your discussion be sure to address these two questions:

1.  Do London dispersion forces contribute significantly to the strength of intermolecular forces in molecules that also interact by hydrogen bonding?  Cite evidence from this lab to support your answer.

2.  Water has a slower rate of evaporative cooling than any of the other compounds in this lab, even though it has weaker London forces than all of them.  How can this be explained?

Turn in one lab per group.  The lab report is due one week from the day of the lab.


